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(54) Apparatus for eleclKHiiemlcaldeposiUon Of copper 
annealing 

The present invention generatty provides an 
SLJSiiS^deposition system that is designed 
SSS^SS^chit^ethat is expandable to aocc»r. 
:^iat Tuture designs rules and gap fl^"^ 
^ provides satisfactory throughput to mwt the 
Of other processing systems, ^el^^ 
chemical deposftion system generally cotp"^^ ^ 
SSe SSng a mainframe v«fer »rans^er rob^ a 
loading station disposed in connection wrth the main 
rapid thermal anneal chamber disposed ad^- 
S the ISing station, one « -^.^^^^^^ 
disposed in connection with the mainframe, andan 
Swe supply f luidly connected to the one or mwe 
SSVo^ng cells. One aspect of the invenbon 
«SS a post elechochemical depos*on treatment 
Sr«ar^themialannealtreatmem.forenhar^g 
CSon^ults. Preferably, the electro-chenu^^^^ 

S. system includes a system <f*°''«^ *° 
wntrol the electro-chemical depositon Process a«^the 
Stents of the electro^^hemic^ 'T^I^ 
SSSng the rapid thermal anneal chamber disposed 
adjacent the loading station. 



with the capability of In-sHu thermal 
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[0001] The present invention generally relates ♦« 
dep,»rtion Of a metal layer onto a «iferS,2e^re 
partcularly. the presert invention relates tcTTe^^^ 
^emK^I deposition system or electroplating sy«^^^ ' 
ton™ng a metal layer on a wafer/subsEate. 

is^r^Ji^^ 'Metallization 
IS one of the key technologies for the next generation 

connects that he at the heart of this technoloov reauire 
planar«tion of intereonnect features fomS^X! 

nS^I !f "^"•^«fo^"«tionof the«einterS^ 
nect ftetures is very important to the success of IJLSI „ 

and to me contnued effort to increase SSSe^S 
andqualrtyonindividualsubstratesanddie. ^ 
IWW3J As circuit densities increase the uriHihc ^ 

the aspect ratios fa the features, ie thTLSS 
dn^ded by width, increases. Many traditJJZS 

and chemical vapor deposition (CVD). hTvediffSuih-r 
P^tcularly where it exceeds 10:1. Therefore the efe^ 

Teati^e widlhs decrease, the device current remains 
or increases, which results in TnaS 
cuffent density in the feature. '"creased 

10004] Elemental aluminum (Al) and its allovsh«« * 
been the traditional metals used to torn lines 
m semiconductor processing becau^ rtliuSn^^ 
perceived low ^ectrtea, reJ^SZ>t^Z^ 

Z, ta^Ttr^ f ^''P"'® ^^o^ever. alumi- 
SrfrS^,t!"* also 

S^ZT ^ «»™«^'y higher electromigration 
^nce as compared to aluminum. These charada^ 

dtSiti^'J"^"^ ^'"^"■"9 higher S 
densities experienced at high levels of integration and « 
increase device speed. Copper also hai cSSrS 
conductivrty and is avaiS in a h^yTre S 

subH,uarter micron, high aspect ratio irterconiM« fa? 
ur^onsemiconductorsubstrates. 
fO0O6] Despite the desirability of using coooer fer 
^u^orde^-ce febr«ation''ch<.cr5^«tiS,' 
"»«»ds for deposrting copper irto very high asp« 



iS^riE?"'*'^ ''^■"SOSSMor less) Wide 

Zn?JSfh»?''''"".'*'^^"P^««^«'"«a«ons. 
^iing. whK:h had previously been limited to the fabrra 

fTvifs Z r being 
Mh«as and contacts on semiconductor devfcS. 

K achtSK'**^""« and 
*^ ^ techniques. A tyoical 

method generally comprises physical vabor d«)2™ 
a^er layer over the feature sLtT'SSsISS 
deposrting a conductive metal seed layw SfeSJ 
ooppen^over the banrierlayer.and then JX^^^ 

siryT-arsiL^rr^treS:^- 

[0008] Figure 1 is a cross sectional view of a QimnH 

U^s^ ^ ''P*^- « «*sfrate holder 
aL^^J^^ «»«ainer 12. an 

SmT 5.^ A f ""9 20 contacting the sub- 
S S.aci'il?' 24 are fornid in^ 

lower surface of the substrate holder 14 A vac....m 

aZ£2 '"T substrtte ho^ M 

and communicates with the grooves 24 to create a vac* 
umi <»ndition capable of securing the su^e^ 
the substrate holder 14 during processing. 
mg 20 comprises a plurality of metallic oTsemi-SS 

~macf p^ 26 distraxited about the perpheraSn 
of the substrate 22 to define a central sutetrate SS 
^Plurality of contact pins 26 extend 

SZ^^ T'^ ^^"^^^ P°*" <^ the sub 
STOte 22 and contact a conductive seed lai/^^r «# Z> 
«*sjrate 22 at the tps Of the VpiS a t2 
swiy (not shown) is attached to the lins 2e 1^ 

arate 22 IS positioned above the cylindrical elecfroiwto 

ajrontte substrate platngsurfaceduring operation of 

[OOM] While present day electroplating cells, such 
^ the one shown in Rgure 1, achieJ?acc5«S 
r^uHs on larger scale substrates, a nunOer of^ 
d^^r consistent reliable ^ectroplating onto^ 

o^^^T '"^"^ P^^^ ""form 

power dBfributon and current density across the sub- 

rorm thickness, preventing unwanted edoe anri 
^ed^ftkxitocontrolcortan^nalon?^^^ 

2^ cT?"""^ ^ '=°"dition which 

processing. Also, the present day electroplatina ceite 
aemands of other processing systems and are not 
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designed with a f lexWe architecture that is expandaWe 
to acoomrmdate future designs rules and gap Ml 
requirements. Furthermore, cunenl electroplating sys- 
tem platforms have not provided post electrochemical 
deposition treatment, such as a rapid themial omeal 
treatment, tor enhancing deposition results within the 
same system platform. 

[001 0] Therefore, there remains a need tor an elec- 
tro-chemical d€position system that is designed a 
flexible architecture that is expandable to accommodate 
future designs rules and gap fill requirements and pro- 
vides satisteclory throughput to meet the demands of 
other processino systems. There is also a need tor an 
electro-chemical deposition system that provides uni- 
form power distribution and current density across the 
substrate plating surface to torn a metal layer having 
uniform thickness and maintain a vacuum conditon 
which secures the substrate to the substrate holder dur- 
ing processing. It woUd be desirable tor the system to 
prevent andtor remove unwanted edge and bacteide 
deposition to control contaminafion to the siJJStrate 
being processed as well as subsequent substrata. It 
would be further desirable tor the electro-chemical dep- 
osition system to provide a post electrochemical depo- 
sition treatment such as a rapid thermal anneal 
treatment, for enhancing deposition results. 
[001 1 1 The present invention generally provides an 
electro-chemical deposition system that Is designed 
with a flexible architecture that is expandable to accom- 
modate future designs rules and gap fOI requirements 
and provides satisfactory throughput to meet the 
demands of other processing systems. The electro- 
chemical deposition system generally compnses a 
mainframe having a mainframe wafer transfer robot, a 
loading station disposed in connection with the main- 
frame, a rapid thermal anneal chamber disposed at^- 
cent the toading station, one or more processingcells 
disposed m connection vnth the mainframe, and an 
electrolyte supply f luidly connected to the one or more 
electrical processing cells. Preferably, the electrochem- 
ical deposition system includes a system controller 
adapted to control the electro-chemical deposition proc- 
ess and the conponents of the electro-chemical depo- 
sition system, including the rapid thermal anneal 
chamber disposed adjacent the toading station. 
[0012] One aspect of the invention provides an 
electro-chemtoal deposition system that provides uni- 
form power distribution and current density across the 
substrate plating surface to form a metal layer having 
unHbrm thickness and maintain a vacuum condition 
which secues the substrate to the substrate holder dur- 
ing processing. 

[00131 Another aspect of the f" P|^"|^^ 



a post electrochemical deposition treatment such as a 
rapid thermal anneal treatment, tor enhanang deposi- 
tion results. The apparatus tor rapid thermal anneal 
treatment preferably comprises a rapid themial anneal 
5 chamber disposed adjacent the loading station of the 
electrochemical deposition system. 
(00151 So that the manner m which the above 
recited features, advantages and objects of the present 
invention are attained can be understood in detail, a 
10 rnore particular desaiptton of the invention, briefly sum- 
marized above, may be had by reference to the embod- 
iments thereof which are illustrated in the appended 

drawings. j. 
[0016] It is to be noted, however, that the appendea 

,5 drawings illustrate only typical embodiments of this 

invention and are Uierefore not to be considered limitng 

of its scope, for the invention may admH to other equally 

effective enibodimenls. 
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Figure 1 is a cross sectional view of a simplified typ-, 
ical fountain plater 10 incorporating contact pns. 
Figure 2 is a perspective view of an electroplating 
system platfonti 200 of the invention. 
Rgure 3 is a schematic view of an electroplating 
system platform 200 of the invention. 
Figure 4 is a schematic perspective view ol a spin- 
rinse^iry (SRD) module of flie presort invention, 
incorporating rinsing and dissolving fluid inlets. 
Figure 5 is a side cross sectional view of the spin- 
rnseKlry (SRD) module of Figure 4 and shows a 
substrate in a processing position vertically dis- 
posed between fluid inlels. 
Figure 6 is a aoss sectional view of an electroplat- 
ing process cell 400 according to the invention. 
Figure 7 is a partial cross sectional perspective 
view of a cathode contact ring. 
Figure 8 is a cross sectional perspective view of ttie 
cathode contact ring showing an alternative 
embodiment of contact pads. 
Rgure 9 is a cross sectional perspective view of the 
cathode contact ring showing an alternative 
embodiment of the contact pads and an isolabon 



remove unwanted edge and backside depositton to con- 
trol contamination to the substrate being processed as 
well as subsequent substrates. 
[0014] \fet another aspect of the invention provides 



55 



Figure 10 is a cross sectional perspective view of 
tiie caBiode contact ring showing the isolation gas- 

^re 11 IS a simplHied schematic diagram of the 
electrical circuit representing the electroplating sys- 
tem through each contact pin. 
Figure 12 is a cross sectional view of a wafer 
assembly 450 of the invention. 
Figure 12A is an enlarged cross sectional view of 
ttie bladder area of Figure 12. 
Figure 13 is a partial aoss sectional view of a wafer 

holderplate. . . • 

Figure 14 is a partial cross sectional view of a man- 

R^ire 15 is a partial cross sectional view of a blad- 
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der. 

Rgure 16 is a schemafic diagram of an electrolyte 
replenishing system 600. 

Figure 1 7 is a cross sectional view of a rapid ther- 
mal anneal chamber. 

[OMT] Rgure 2 is a perspective view of an electro- 
plating system platform 200 of the invention. Figure 3 is 
a«rfiematic view of an electroplating system platform 
ZOO of the inventon. Referring to both Rgures 2 and 3 
the electroplating system platform 200 generally com^ 
prises a loading station 210. a thermal anneal chamber 
211. a spin-rinse^ry (SRD) station 212 and a main- 
electroplating system plat- 
form 200 IS enclosed in a clean environment using 
panels such as plexiglass panels. The mainframe 214 
generally comprises a mainframe transfer station 216 
and a plurality of processing stations 218. Each 
proc^ng station 218 includes one or more processing 
cells 24a An electrolyte replenishing system 220 is 
positioned adjacent the electroplating system platform 
200 and connected to the process cells 240 individually 
to circulafe electrolyte used for the electropteflng proc- 
ess. The electroplating system platform 200 also 
indudes a control system 222. typically comprising a 
programmable microprocessor. 
[0018] The loading station 210 preferably includes 
one or more wafer cassette receiving areas 224 one or 
more loading station fc-ansfer robots 228 and at least 
one wafer orientor 230. The number of wafer cassette 
receiving areas, loading station transfer robots 228 and 
wafer orientor included in the loading station 210 can be 
configured according to the desired throughput of the 
sy^em. As shown for one embodiment in Rgures 2 and 
3. the loading station 210 includes two wafer cassette 
reviving areas 224. two loading station transfer robota 
228 and one wafer oriemor 230. A wafer cassette 232 
containing wafera 234 is loaded onto the wafer cassette 
receiving area 224 to introduce wafers 234 Into the elec- 

ISSS^"^^ P'^**""- '°a*"9 Station transfer 
robot 228 transfers wafers 234 between the wafer cas- 
sette 232 and «ie wafer orientor 230. The loading sta- 
tion transfer robot 228 comprises a typical transfer robot 
commonly known in the art. The wafer orientor 230 
positions each wafer 234 in a desired orientation to 
ensure that the wafer is properly processed. The load- 
ing station transfer robot 228 also transfers wafers 234 
betiiveen the loading station 210 and tiie SRD station 
212 and between the loading station 210 and the ther- 
mal anneal chamber 211. 

[0019] Rgure 4 is a schematic perspective view of a 
spminse-dry (SRD) module of the presert invention 
"worporating nnsing and dissolving fluid inlets. Figure 5 

Sfinf^^r^l"^""^' °* spin<inse-dry 
(SRD) module of Figure 4 and shows a substrate in a 
processing position vertically disposed between fluid 
inlets. Preferably, the SRD station 212 includes one or 
more SRD modules 236 and one or more wafer pass- 



through cassettes 238. Preferably, the SRD station 212 
includes two SRD modules 236 corresponding to the 
number of loading station tiansfer robots 228 and a 
wafer pass-through cassette 238 is positioned above 
5 each SRD module 236. The wafer pass-through cas- 
sette 238 facilitates wafer transfer between the foadino 
station 210 and the mainframe 214. The wafer pas^ 
tiirough cassette 238 provides access to and from boBi 
the loading station transfer robot 228 and a robot in the 
10 mainframe transfer station 216. 

[0020] Referring to Figures 4 and 5. the SRD mod- 
ute 238 comprises a bottom 330a and a sidewall 330b 
a™j an upper shield 330c which coBectively define a 
SRD module bowl 330d. where the shield attaches to 
«^,!^'"*'«^'"'eteining the fluids within the 
SRD modulft Altematively, a removable cover could 
also be used. A pedestal 336. located in the SRD mod- 
ufe. includes a pedestal support 332 and a pedestal 
aduator 334. The pedestal 336 supporte the substrate 
no ?38 (shown in Figure 5) on the pedestal upper surface 
during processing. The pedestal actuator 334 rotates 
tfie pedestal to spin the substrate and raises and lowers 
tfie pedestal as described below. The substrate may be 
held m place on flie pedestal by a plurafity of ctanps 
i ^ '^^"^ ^ centrifugal foroe and engage 
tfie sutetrate preferably In the edge exclusion zonTof 
the substrate, m a preferred embodiment, tiie clamps 
engage the subsbate only when the substiBte lifte off 
ttie pedestal during the processing. Vacuum passages 
30 (not shown) may also be used as well as other hokfeM 
I^tf^^''^' « plurality of pedestal amis 
336a and 336b. so that the fluid through the second 
n(«te may impact as much surface area on the lower 

as 2S!*„*l?\^'*^««««P'»«'cal.Anou«et339 
as altows flud to be removed from tine SRD module The 
terms "below", "above", "bottom", "top", "up" "down" 
"upper", and "lower" and other positional terins used 
herein are shown with respect to the embodimente in 

ttief'Suresandmaybevarieddependingontherelative 
-w orientation of the processing apparatus. 

town Afirst conduit 346. through which a firstfluid 
347 flows. IS connected to a valve 347a. The conduit 
may be hose. pipe. tube, or other fluid containing con- 
^If, "^"^^ <" Ihe first fluid 

« 347andmaybeselectedfromavarietyofvalvesinclud- 
•ng a needle, gtobe. butterfly, or other valve types and 
may include a valve actuator, such as a solenoid tiiat 
can be conti-olled with a confroller 362. The conduit 346 
oonnecb to a first fluid inlet 340 that is located above 
50 the substrate and includes a mounting portion 342 to 
attach to the SRD modute and a connecting portion 344 
to attach to ttie conduit 846. The first fluid inlet is shown 
with a single first nozzte 348 to deliver a first fluid 347 
under pressure onto the substrate upper surface. How- 
ss ever, multiple nozzles could be used and multiple fluid 
inlete could be positioned about the inner perimeter of 
the SRD module. Preferably, nozzles placed above the 
substrate should be outetde the diameter of the sub- 
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strale to lessen the risk of the nozzles dripping on the 
sut)slrate. Thef lrs» fluid Inlet could be mounted in a vari- 
ety of locations, inducfing through a cover positioned 
above the substrate. Additionally, the nozzle may articu- 
late to a variety of positions using an articulating mem- 
ber 343. such as a ball and socket joint. 
[0022] Similar to the first conduit and related ele- 
ments described above, a second conduit 3K te con- 
nected to a control valve 349a and a second fluid mlet 
350 with a second nozzle 351. The second fluid inlet 
350 IS shown below the substrate and angled upward to 
direct a second fluid under the substrate through the 
second nozzle 351. Similartothe first fluid inlet, the sec- 
ond fluid inlet may includeaplurality of nozzles.aplural- 
ity of fluid inlets and mounting locations, and a plurality 
of orientations including using the arliculaling mei^r 
353 Each fyd inlet couW be extended into the SRD 
module at a variety of positions. For instance. Htheflow 
is desired to be a certain angle that is directed back 
toward the SRD module periphery along the edge of the 
substrate, the nozzles could be extended radially inward 
and the discharge from the nozzles be directed back 
toward the SRD module periphery. 
KKKS] The controller 362 could individually control 
the two fluids and their respective flow rates, pressure, 
and liming, and any associated valving, as well as the 
spin cycle(s). The controller could be remotely located, 
for instance, in a control panel or control room and the 
plumbing controlled with remote actuators. An alterna- 
tive embodiment shown in dashed lines, provides an 
auxiliary fluid inlet 346a connected to the first conduit 
346 with a conduit 346b and having a control valve 
346c. which may be used to flow a rinsing fluid on the 
backside of the substrate after the dissolving fkid is 
flown without having to reorient the substrate or sjnteh 
the flow through the second fluid inlet to a rinsing fluid. 
[0024] In one embodiment, the substrate is 
mounted with the deposition surface of the disposed 
face up in the SRD module bowl. As will be explained 
below, tor such an arrangement the first fluid inlet would 
generally flow a rinsing fluid, typically deionized water « 
ateohol. Consequently, the backside of the substrate 
would be mounted facing down and a fluid flowing 
through the second fluid inlet would be a dissolving 
fluid such as an acid, including hydrochloric acid, sulfu- 
ric acid, phosphoric acid, hydrofluoric add. or other d^ 
solving liquids or fluids, depending on the material to be 
dissolved. Alternatively, the first fluid and the second 
fluid are both rinsing fluids, such as deionized water or 
alcohol, when the desired process is to rinse the proc- 
essed substrate. 

[0025] In operafcn. the pedestal is in a raised posi- 
tion, shown in Figure 4. and a robot (not shown) plac« 
the substrate, front side up. onto the pedestal. The ped- 
estal lowers the substrate to a processing position 
where the substrate is vertically disposed between the 
first and the second fluid inlets. Generally, the pedestal 
actuator rotates the pedestal between about 5 to about 



5000 rpm. with a typical range between about 20 to 
about 2000 rpm for a 200 mm substrate. The rotation 
causes the lower end 337a of the damps to 'Otate out- 
ward about pivot 337b, toward the periphery of the SRD 
s module sidewall. due to centrHugal force. The damp 
rotation forces the upper end 337c of the damp \mard 
and downward to center and hoW the substrate 338 in 
position on the pedestal 336. preferably along the sub- 
strate edge. The damps may rotate Into position without 
,0 toudiingthesubstrateandholdthesubstrateinp<Kition 

on the pedestal only if the substrate signaicanHy lifts oft 
the pedestal during processing. With the pedestal rotat- 
ing the substrate, a rinsing fluid is delivered onto the 
substrate front side through the first flukJ inlet 340^-nje 
,5 second fluid, sudi as an add. is delivered to the ba*- 
side surface through the second fluid inlet to remove 
any unwanted deposits. The dissolving fluid diemically 
reacts with the deposited material and dissolves and 
then flushes the material avray from the substrate back- 
50 side and other areas where any unwanted deposits are 
located in a preferred embodiment fte rinsing fluid is 
adjusted to flow at a greater rate than the dissoMng 
fluid to help protect the front side of the substrate from 
the dissolving fluid. The first and second fluid inlets are 
ss tocated for optimal performance depending on the size 
of the substrate, the respective flow rates, spray pal- 
terns, and amount and type of depositeto be f^wed 
among other fadors. In some instances, the rinsing fluid 
could be routed to the second fluid inlet after a dissolv- 
„ ing fluid has cfissolved the unwanted deposits to rinse 
the badside of the substrate. In other instances, an 
auxiliary fluid inlet connected to flow rinsing fluid on ttie 
bad<8ide of the substrate could be used to rinse any dis- 
solving fluid residue from the badeide. After rinsmg the 
« front side and/or bad«ide of the substrate, the f luid(s) 
flow is stopped and the pedestal continues to rotate, 
spinning the substrate, and thereby effectively drying 
the surface. 

[0026] The fluid(s) is generaUy delivered in a spr^ 
40 pattern, which may be varied depending on the partai- 
lar nozzle spray pattern desired and may indude a fan. 

jet conical, and other patterns. One spray pattern for 
the fUsl and second fluids through the respective fluid 
inlete. when the firstfluid e a rinsing fluid, is fan pattern 
45 with a pressure Of about 10 to about 15 poundtepw 
square inch (psi) and a flow rate of about 1 to about 3 
gallons per minute (gpm) tor a 200 mm wafer 
[0027] The invention could also be used to remove 
the unwanted deposits along the edge of the substrate 
so to create an edge exdusion zone. By adjustment of ttie 
orientation and placement of the nozzles, the flow rates 
of the fluids, the rotational speed of the sitstrate, and 
the diemical composition of the fluids. Ihe unwanted 
deposits couW be removed from the edge and/or edge 
55 exdusion zone of the substrate as well. Thus, substan- 
tially preventing dissolutton of the deposited material on 
the front side surface may not necessarily indude the 
edge or edge exclusion zone of the substrate. Also, pre- 
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ventng dissolution of the deposited material onihe front 
SKle surface is intended to include at least preventing 
the dissolution so that the front side wrih the deposited 
matenal is not impaired beyond a commercial value. 
lOffiS] One method of aoconpllshinQ the edge 
exclusion zone dissolution process is to rotate the disk 
at a slower speed, such as about 100 to about 1000 
rpm. while dispensing the dissolving fluid on the back- 
side of the substrate. TTie centrifugal force moves the 
dissolving fluid to the edge of the substrate and forms a 
layer of fluid around the edge due to surface tensnn of 
the fluid, so that the dissolving fluid overlaps from the 
backside to the front skle in the edge area of the sub- 
strate. The rotational speed of the substrate and the 
flow rate of the dissolving fluid may be used to deter- 
mine the extent of the overlap onto the front side For 
instance, a decrease in rotational speed or an increase 
in flow results in a less overlap of fluid to the opposing 
side, ag the front side. Additionally, the flow rate and 
f tow angle of the rinsing fluid delivered to the front side 
can be adjusted to offset the layer of dissolving fluid 
onto the edge and/or frontside of the substrate In some 
instances, the dissolving fluid may be used initially with- 
out the rinsing fluid to obtain the edge and/or edge 
exclusion zone removal, foltowed bf the rinsingWisso^- 
"Tflprocess of the present invention described above 
[OOaj The SRD module 838 is connected between 
the loading station 21 o and the mainframe 214 The 
mainframe 214 generally comprises a mainframe trans- 
fer station 216 and a plurality of processing stattons 
218. Referring to Figures 2 and 3. the mainframe 214 
as shown, includes two processing stations 218 each 
processing station 218 having two processing cells 240 
The mainframe transfer station 216 includes a main- 
frame transfer robot 242. Preferably, the mainframe 
transfer robot 242 comprises a plurality of individual 
robot arms 244 that provides independent access of 
wafers in the processing statkxis 218 and the SRD sta- 
tions 212. As shown in Figure 3. the mainframe transfer 
robot 242 comprises two robot amis 244, correspond- 
ing to the number of processing cells 240 per process- 
ing station 218. Each robot arm 244 includes a robot 
Wade 246 for holding a wafer during a wafer transfer. 
Preferably, each robot arm 244 is operable independ- 
ently of the other ami to facilitate independent transfers 
Of wafers in the system. Alternatively, the robot arms 
244 operate in a linked fashfon such that one robot 
extends as the other robot arm retracts 
lOMOJ Preferably, the mainframe transfer station 
216 includes a flipper robot 248 that tacilHates transfer 
Of a wafer from a fece-up positton on the robot Uade 
246 of the mainframe transfer robot 242 to a face down 
position for a process cell 240 that requires fece<town 
processing of wafers. The flipper robot 248 includes a 
main body 250 that provides both vertical and rotatkinal 
movements with respect to a vertkal axis of the main 
tJody 250 and a flipper robot arm 252 that provides rota- 
tional movement along a horizontal axis along the flip- 



per robot ami 252. Preferably, a vacuum suctton gripper 

pS' ^"^ °' «*ot arm 

252, holds the wafer as the wafer is flipped and trans- 
fen-ed by the flipper robot 248. The flipper robot 248 
5 pcsHions a wafer 234 into the processing cell 240 for 
face^lown processing. The details of the electroplating 
processing cell according to the invention will be dis- 
cussed below. 

[0031] Figwe 6 is a cross sectional view of an elec- 
10 plating process cell 400 according to the invention 
The electroplating process cell 400 as shown in Figure 
6 is the same as the electroplating process cell 240 as 
shown in Figures 2 and 3. The processing cell 400 gen- 
erally comprises a head assembly 410. a process kit 
»5 420 and an electrolyte collector 440. Preferably, the 
electrolyte collector 440 is secured onto the body 442 of 
the mainframe 214 over an opening 443 that defines the 
location for placement of the process kit 420 The elec- 
trolyte collector 440 includes an inner wall 446. an outer 
so waM 448 and a bottom 447 connecting the walls An 
electrolyte outlet 449 is disposed through the bottom 
447 of the electrolyte collector 440 and connected to the 
electrolyte repfenishing system 220 (shown in Figure 2) 

2s " """^ 

[0032] The head assembly 410 is mounted onto a 
hMd assembly frame 452. The head assembly frame 
includes a mounting post 454 and a cantilever arm 
456. The mounting post 454 is mounted onto the body 

so 442 of the mainframe 214. and the cantilever ami 456 
extends laterally from an upper portion of the mounting 
post 454. Preferably, the mounting post 454 provides 
rotational movementwith respect to a vertical axisatong 
Vve mounting post to allow rotation of the head assem- 
35 Wy410.Theheadassembly4l0isattachedtoamount- 
ing plate 460 disposed at the distal end of the cantilever 
arm 456. The lower end of the cantilever arm 456 is 
connected to a cantilever arm actuatw 457. such as a 
pneumatic cylinder, mounted on the mounting post 454 
« Tlie cantilever arm actuator 457 provides pivotal move^ 
ment of the cantilever arm 456 with respect to the joint 
behveen the cantilever arm 456 and the mounting post 
454. When the cantilever ami actuator 457 Is retracted 
the cantilever arm 456 moves the head assembly 4ld 
45 away from the process kit 420 to piovkte the spacing 
required to remove andUx replace the process kit 420 
from the electroplating process cell 400. When the can- 
ttewer arm actuator 457 is extended, the cantilever arm 
^i!?"*'®^*'®'^®^'' assembly 410 towaid the process 

so W420topositionthewaterintheheadassen*ly4i0in 
a processing position. 

[0033] The head assembly 410 generally com- 
prises a wafer hokf er asserrUy 450 and a wafer assem- 
bly actuator 458. The wafer asseniily actuator 458 is 
ss mounted onto the mounting plate 460. and includes a 
head a^embly shaft 462 extending downwardly 
through the mounting plate 460. The lower end of the 
head assembly shaft 462 is connected to the wafer 
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holder assembly 450 to position the wafer holder 
assembly 450 in a processing position and in a water 

loading position. 

[0034] The wafer holder assembly 450 generally 
oonprises a wafer holder 464 and a cathode contact s 
ring 466. Rflure 7 is a cross sectional view of one 
embodiment of a cathode contact ring 466 of the 
present invention. In general, the contact ring 466 com- 
prises an annular body having a plurality of conducbng 
members disposed thereon. The annular body is con- io 
structed of an insulating material to electrically isolate 
the plurality of conducting members. Together the body 
and conducting meirtoers form a diametrically interior 
substrate seating surface which, during processing, 
supports a substrate and provides a current thereto. »« 
[0035] Referring now to Figure Tin detaH. the con- 
tact ring 466 generally comprises a plurality of conduct- 
ing members 765 at least partially disposed within an 
annular insulative body 770. The insulative body 770 is 
shown having a flange 762 and a downward sloping eo 

shoulder portion 764 leading to a substrate seating sur- 
face 768 located below the flange 762 such that 1»w 
flange 762 and the substrate seating surface 768 lie in 
ofiaet and substantially parallel planes. Thus, the flange 
762 may be understood to define a first plane while the » 

substrate seating surface 768 defines a second plane 
parallel to to f irst plane wherein the shoulder 764 is dis- 
posed between the two planes. Howaw. contact nng 
design shown in Figure 7 is intended to be merely illus- 
trative In another embodiment, the shoulder portion so 
764 may be of a steeper angle including a substantially 
vertical angle so as to be substantially normal to both 
the flange 762 and the substrate seating surface 768. 
Alternatively, the contact ring 466 may be substantially 
planar thereby eliminating the shoulder portion 764. as 
However, for reasons described below, a preferred 
enixxJiment comprises the shoulder portion 764 shown 
in Figure 6 or some variation thereof. 
[0036] The conducting members 765 are defined by 
a plurality of outer electrical contact pads 780 annularly 40 
disposed on the flange 762. a plurality of inner electrical 
contact pads 772 disposed on a portion of the substrate 
seating surface 768. and a plurality of embedded con- 
ducting connectors 776 which link the pads 772. 780 to 
one another. The conducting members 765 are isolated 45 

from one another by the insulative body 770 which nray 
be made of a plastic such as polyvinylidenefluoride 
(PVDF), perfluoroalkoxy resin (PFA). Teflon . and 
Tefzel™ or any other insulating material such as Alu- 
mina (AljiOa) or other ceramics. The outer contact pads so 

780 are coupled to a power supply (not shown) to 
deliver current and voltage to the inner contact pads 772 
via the connectors 776 during processing. In turn, the 
inner contact pads 772 supply the current and voltage to 
a substrate by maintaining contact around a peripheral ss 

portion of the substrate. Vws, in operation the conduct- 
ing members 765 act as disaete cunrent paths olectn- 
caly connected to a substrata 



[00371 Low resistivity, and conversely Wgh conduc- 
tivity are directly related to good pteting. To ensure low 
resistivity, the conducting members 765 are preferably 
made of copper (Cu), platinum (R). tantalum (Ta), tita- 
nium (Ti). gold (Au). silver (Ag). stainless steel or other 
conducting materials. Low resistivity and low contact 
resistance may also be achieved by coating the con- 
ducting menOers 765 with a conducting matenal. Thi». 
the conducting members 765 may. for example, be 
made of copper (resistivity for copper is approximately 2 
X 10-* n* m) and be coated with platinum (resistivity for 
platinum is approximately 10.6 x lO'^ n-m). Coatir^ 
such as tantalum nitride (TaN). titanium nitnde (TiN). 
rhodium (Rh). Au. Cu. or Ag on a conductive base nwte- 
rials such as stainless steel, molybdenum (Mo). Cu. and 
Ti are also possible. Further, since the contact pads 
772 780 are typically separate units bonded to the con- 
ducting connectors 776. the contact pads 772. 780 may 
comprise one material, such as Cu, and the conducting 
menders 765 another, such as stainless steel. Either or 
both of the pads 772. 180 and conducting connectors 
776 may be coated with a conducting material. Addition- 
ally, because plating repeatability may be adversely 
aflMted by oxidation which acts as an insutetor. the 
inner contact pads 772 preferably comprise a matertal 
resistant to oxidation such as Pt, Ag. or Au. 
[0038] In addition to being a function of the contact 
material, the total resistance of each circuit is depend- 
ent on the geometry, or shape, of the inner contact mner 
contact pads 772 and the force supplied by the contact 
ring 466. These factors define a constriction resistan^ 
RfP at the interface of the inner contact pads 772 and 
the substrate seating surface 768 due to aspenbes 
between the two surfaces. Generally, as the applied 
force is increased the apparent area is also increased. 
The apparent area is. in turn, inversely related to Rcr so 
that an increase in the apparent area results in a 
decreased Rcr Thus, to minimize overall resistance it 
is preferable to maximize force. The maximum force 
applied in operation is limited by the yield strength of a 
substrate which may be damaged under excessive 
force and resulting pressure. However, because pres- 
sure is related to both force and area, the maximum 
sustaindJie force is also dependent on the geometi7 « 
the inner contact pads 772. Thus, while the contact 
pads 772 may have a flat upper surface as in Figure 7. 
other shapes may be used to advantage. For example, 
two prefened shapes are shovm in Figures 8 and 9. Fig- 
ure 8 shows a knife-edge contact pad and Figure 9 
shows a hemispherical contact pad. A person skilled in 
the art will readily recognize othw shapes which may be 
used to advantage. A more complete discussion of me 
relation between contact geometry, force, and resB^- 
ance is given in Ney Contact Manual, by Kenneth E. Pit- 
ney. The J. M. Ney Company. 1973. which is hereby 
incorporated by reference in ite entirety. 
[0039] The number of connectors 776 may be var- 
ied depending on the particufar number of contact pads 
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772 (shown in Rgure 7) desired. Ftor a 200mm sub- 
strate. preferatJiy at least twenty-four connectors 776 
are spaced equally wer 360-. However, as the number 
rt connectors reaches a critical level, the compliance of 
the substrate relative to the contact ring 466 Is 
advereely affected. Therefore, while more than twenty- 
four connectors 776 may be used, contact unifbrmity 
may eventuaUy diminish depending on the topography 
a the contact pads 772 and the substrate stiffness 
Similarly, while less than twenty-four connectors 776 
may be used, current ftow is increasingly restricted and 
localized, leading to poor plating results. Since the 
dimensions of the present invention are readiV altered 
to suit a particular appljcatlon (for example, a 300mm 
substrate), the optimal number may easily be deter- 
mined for varying scales and embodiments. 
10040] As shown in Figure 10. the substrate seating 
surface 768 comprises an isolation gasket 782 dis- 
posed on the insulative body 770 and extending diamet- 
ncally interior to the innercontactpads 772 to define the 
inner diameter of the cortact ring 466. The isolation 
gasket 782 preferably extends slightly above the inner 
contact pads 772 (e.g., a few mils) and preferably com- 
prises an elastomer such as Viton™. Tefton™ buna 
rubber and the like. Where the insulative body 770 also 
comprises an elastomer the isolafion gasket 782 may 
be of the same material. In the latter embodiment the 
isolation gasket 782 and the insulative body 770 m^ be 
monolithic. i.e., formed as a single piece. However, the 
isolation gasket 782 is preferably separate from the 
insulative body 770 so that it may be easily removed for 
replacement or cleaning. 

10041] While Rgure 10 shows a preferred embodi- 
meiTt of the isolation gasket 782 wherein the isolation 
gasket is seated entirely on the insulative body 770 Rg- 
ures 8 and 9 show an alternative embodiment In the lat- 
ter embodimert. the insulative body 770 is partially 
machined away to expose the upper surface of the con- 
necting member 776 and the isolation gasket 782 is dis- 
posed thereon. Thus, the isolation gasket 782 contacts 
a portion of the connecting member 776. Thisdesifln 
requires less material to be used for the inner cont«;t 
pads 772 which may be advantageous where material 
costs are significant such as when the inner contact 
pads 772 comprise gold. Persons skilled in the art will 
raoognize other embodiments which do not depart from 
the scope of the present invention. 
[0042] During processing, the isolation gasket 782 
maintains contact with a peripheral portion of the sub- 
arate ^ng surface and is compressed to provide a 
SMI between the remaining cathode contact ring 466 
and the subsbate. The seal prevents the electrolyte 
from contacting the edge and backside of the substrate 
AS noted above, maintaining a clean contact surface is 
necessary to achieving high plating repeatability. Previ- 
ous contact ring designs did not provide consist plating 
resultsbecause contact surface topography varied over 
time. The contact ring of the present invention elimi- 



nates, or least minimizes, deposits which would other- 
wise accumulate on the inner contact pads 772 and 
characteristics thereby producing highly 
repeataUe, consistent, and uniform plating across the 
s subsbate plating surface. 

10043] Rgure 1 1 is a simplified schematic diagram 
repr^-ng a possible configuration of the electrical 
arcurt for the contact ring 466. To provide a uniform cur- 
rent distnbufion between the conducting members 765 
w an ecternal resistor 700 is connected in series with each 
Of the conducting members 765. Preferably, the resist- 
ance ralue of the external resistor 700 (represented as 
Rext) b much greater than the resistance of any other 
component of the circuft. As shown in Rgure 11. the 
»5 electrical circuit through each conducting member 765 
IS represented by the resistance of each of the compo- 
nents connected in series wtth the power supply 702 
Re represents the resistance of ttie electrolyte^ which is 
typically dependent on the distance between the anode 
a- a;'^«w<attwetecortactringandthecomposjtfonoflhe 
electrolyte chemistry Thus. represents the resist- 
ant of «ie electrolyte adjacent ttie substrate plating 
surface 754. Rg represents the resistance of the sub- 
strate plating surface 754. and Rc represents the resist- 
2s ance Of the cattiode conducting members 765 plus the 
constriction resistance resulting at the interface 
between the inner contact pads 772 and tiie substrate 
plating layer 754. Generally the resistance value of the 
external resistor (Rea) is at least as much as SR 

2!'rr'^"^*''''*"°'"E'"A-RsandRc).Pref- 
erawy, tiie resistance value of the external resistor 
(Rext) is much greater than ZR such that XR is negligi- 
ble and the resistance of each series circuit approxi- 
mates RgxT- 

S5 [0044] Typically, one power supply is connected to 
all of the outer contact pads 780 of the cathode contact 
ring 466. resulting in parallel circuits through the inner 
contact pads 772. However, as the inner contact pad-to- 
substrate interface resistance varies with each inner 

« contact pad 772. more cun-ent will ftow, and thus more 
plating wHI occur, at the site of lowest resistance How- 
ever; by placing an extemal resistor in series with each 
conducting member 765, the value or quantity of electri- 
^L*^"'®"' each conducting member 

4S 765 becomes controlled mainly by the value of the 
external resista. As a resuH. ttie variations in ttie elec- 
te^l properties between each of the inner contact pads 
772 do not affect ttie cunent distribution on the sub- 
strate, and a uniform cunent density results across ttie 
so plating surface which contributes to a uniform plating 
thickness. The external resistore also provide a unHorm 
current distribution betiraen different substrates of a 
process-sequence. 

[00451 Afthough ttie contact ring 466 of ttie present 
S5 invention is designed to resist deposit buildup on ttie 
inner cortact pads 772. over multiple subsbate plating 
cycles the subsfrate^jad interface resistance mm 
increase, evertually reaching an unacceptable value 
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An electronic sensor/alarm 704 can be connected 
across the external resistor 700 to monitor the volt- 
age/current across the external resistor to address this 
problem, if the voltage/current across the external resis- 
tor 700 talis outside of a preset operating range that is 
indicative of a high substrate-pad resistance, the sen- 
sor/alarm 704 triggers corrective measures such as 
shutting down the plating process until the problems are 
corrected by an operator. Alternatively, a separate 
power supply can be connected to each conducting 
member 765 and can be separately controlled and mon- 
itored to provide a uniform current distribution across 
the substrate. A very smart system (VSS) may also be 
used to modulate the current flow. TTie VSS typically 
cx)mprises a processing unit and any combination of 
devices known in the industry used to supply and/or 
control current such as variable resistors, separate 
power supplies, etc. As the physiochemical. and hence 
electrical, properties of the inner contact pads 772 
change over time, the VSS processes and^analyzes 
data feedback. The data is compared to pre-established 
setpoints and the VSS then makes appropriate current 
and voltage alterations to ensure uniform deposition. 
[0046] Referring to Figure 6 and Figure 1 2. prefera- 
bly the wafer holder 464 is positioned above the cath- 
ode contact ring 466 and comprises a bladder assembly 
470 that provides pressure to the backside of a wafer 
and ensures electrical contact between the wafer plat- 
ing surface and the cathode contact ring 466. The inflat- 
able bladder assembly 470 is disposed on a wafer 
holder plate 832. A bladder 836 disposed on a lower 
surface of the wafer holder plate 832 is thus located 
opposite and adjacent to the contacts on the cathode 
contact ring 466 with the substrate 821 interposed ther- 
ebetween. Af luid source 838 supplies a fluid, /.e., a gas 
or liquid, to the bladder 836 allowing the bladder 836 to 
be inflated to varying degrees. 
[00471 Referring now to Figures 12. 12A. and 13. 
the details of the bladder assenWy 470 will be dis- 
cussed, -me wafer holder plate 832 is shown as sub- 
stantially disc-shaped having an annular recess 840 
formed on a lower surface and a centrally disposed vac- 
uum port 841 . One or more inlets 842 are formed in the 
wafer holder plate 832 and lead into the relatively 
enlarged annular mounting channel 843 and the annu- 
lar recess 840. QuickKJisconned hoses 844 couple the 
fluid source 838 to the inlets 842 to provide a fluid 
thereto. The vacuum port 841 is preferably attached to a 
vacuum/t)ressure pumping system 859 adapted to 
selectively supply a pressure or create a vacuum at a 
backside of the substrate 821. The pumping system 
859, shown In Figure 12. comprises a pump 845. a 
cross-over valve 847. and a vacuum ejector 849 (com- 
monly known as a venturl). One vacuum Rector that 
may be used to advantage in the present invention is 
available from SMC Pneumatics, Inc.. of Indianapolis. 
Indiana. The pump 845 may be a commercially availa- 
ble compressed gas source and is coupled to one end 



of ahose 851. the other end off the hose 851 being cou- 
pled to the vacuum port 841 . The hose 851 is split into 
a pressure line 853 and a vacuum line 855 having the 
vacuum ejector 849 disposed therein. Fluid flow is con- 
s trolled by the aoss-over valve 847 which selectively 
switches communication with the pump 845 between 
the pressure line 853 and the vacuum line 855. Prefera- 
bly, the cross-over valve has an OFF setting whereby 
fluid is restricted from flowing in either direction through 
,n hose 851. A shut-off valve 861 disposed in hose 851 
prevents fluid from flowing from pressure line 855 
upstream through the vacuum ejector 849. The desired 
direction off f Md flow is indicated by arrows. 
[00481 Persons skilled in the art will readily appred- 
15 ate other arrangements which do not depart from the 
spirit and scope of the present invention. For example, 
where the fluid source 838 is a gas supply it may be 
coupled to hose 851 thereby eliminating the need for a 
separate compressed gas supply, /.e., pump 845. Fur- 
20 ther, a separate gas supply and vacuum pump may sup- 
ply the backside pressure and vacuum conditions, 
yvhile it is preferable to allow for both a backside pres- 
sure as weH as a backside vacuum, a simprrfied embod- 
iment may comprise a pump capable of supplying only 
25 a backside vacuum. However, as will be explained 
below, deposition uniformity may be improved where a 
backside pressure is provided during processing. 
Therefore, an arrangement such as the one described 
above including a vacuum ejector and a cross-over 
30 valve is preferred. 

[00491 Referring now to Figures 12A and 14. a sub- 
stantially circular ring-shaped manrtbW 846 is disposed 
in the annular recess 840. The manifold 846 compnses 
a mounting rail 852 disposed between an inner shoulder 
35 848 and an outer shoulder 850. The mounting rail 852 is 
adapted to be at least partially inserted into the annular 
mounting channel 843. A plurality of fluid ouUete 854 
formed in the manifold 846 provide communication 
between the inlets 842 and the bladder 836. Seals 837^ 
40 such as 0-rings. are disposed in the annular manifold 
channel 843 in alignment with the inlet 842 and outlet 
854 and secured by the wafer holder plate 832 to 
ensure an airtight seal. Conventional fasteners (not 
shown) such as screws may be used to secure the man- 
45 Hold 846 to the wafer holder plate 832 via cooperating 
threaded bores (not shown) formed in the manifold 846 
and the wafer holder plate 832. ^ 
[0050] Referring now to Figure 1 5. the bladder 83© 
IS shown, in section, as an elongated substantially semi- 
50 tubular piece of material having annular lip seals 856. or 
nodules, at each edge. In Figure 12A. the lip seate ^ 
are shown disposed on the inner shoulder 848 and the 
outer shoulder 850. A portion of the bladder 836 is com- 
pressed against the walls of the annular recess 840 by 
55 the manHbW 846 which has a width slightly le^ (eg^a 
few millimeters) than the annular recess 840. Thus, the 
manifold 846. the bladder 836. and the annular rece» 
840 cooperate to form a fluid-tight seal. To prevent fluid 
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OSS, the bladder 836 is preferably comprised of some 
fluid impervious material sucfi as silicon rubber or any 
comparable elastomer which is chemically inert with 
r«pectto the electrolyte and exhibits reliable elasticity. 
Where needed a compliant covering 857 may be dis- 
posed over the bladder 836. as shown in Figure 15 and 
secured by means of an adhesive or thermal bonding 
The covering 857 preferably comprises an elastomer 
sudi as VrtonTM. buna rubber or the like, which may be 
reinforced by Kevlar™. for example. In one embodi- 
ment, the covering 857 and the bladder 836 coircrise 
the same material, "me covering 857 has partcular 
application where the bladder 836 is liable to rupturing 
Alternatively, the bladder 836 thickness may simply be 
increased diring its manufacturing to reduce the Ukeli- 
hood of puncture. 

[MSI] fhe precise number of inlets 842 and ouUels 
854 may be varied accoiding to the particular applica- 
tion without deviating from the present invention For 
example, while Figure 12 shows two inlets with corre- 
sponding outlets, an alternative en*odiment could 
employ a single fluid inlet which supplies fluid to the 
bladder 836. 

10052] In operation, the substiate 821 is introduced 
into the container body 802 by securing it to the lower 
ade of the wafer holder plate 832. This is accomplished 
by engaging the pumping system 159 to evacuate the 
space between the substrate 821 and the wafer holder 
plate 832 via port 841 thereby creating a vacuum condi- 
tion^The bladder 836 is then inflated by supplying a fluid 
such as air or water from the fluid source 838 to the 
inlels 842. The fluid is delivered into the bladder 836 via 
the manifold outlets 854, thereby pressing the substrate 
821 uniformly against the contacts of the cathode con- 
tact nng 466. The electroplating process is then carried 
out An electrolyte is then pumped into the process kit 
420 toward the substrate 821 to contact the exposed 
substrate plating surface 820. The power supply pro- 
vides a negative bias to the substrate plating surface 
820 via the cathode contact ring 466. As the electrolyte 
IS f kMved across the substrate plating surface 820 ions 
in the electrolytic solution are attracted to the surface 
820 and deposit on the surfece 820 to form the desired 
film. 

[0053] Because of its flexibility, the bladder 836 
deforms to accommodate the asperities of the substrate 
backside and contacts of the cathode contact ring 466 
thereby mitigating misalignment with the conducting 
cathode contact ring 466. The conpliant bladder 836 
prevents the electrolyte from contaminating the back- 
side of the substrate 821 by estabTishing a fluid tight 
seal at a perimeter portion of a backside of the sub- 
strate 821. Once inflated, a uniform pressure is deliv- 
ered downward toward the cathode contact ring 466 to 
achieve substantially equal force at all points where the 
substrate 821 and cathode contact ring 466 interfece 
Trie force can be varied as a function of the pressure 
supplied by the fluid source 838. Further, the effective- 



ness of the bladder assembly 470 is not dependent on 
the configuration of the cathode contact ring 466 For 
example, while Figure 12 shows a pin configuration hav- 
ing a plurality of discrete contact points, the cathode 
5 contact ring 466 may also be a continuous surface. 
10054] Because the force delivered to the substrate 
821 by the bladder 836 is variable, adjustments can be 
n«ie to the cun-ent ffow sifiplied by the contact ring 
466. As described above, an oxide layer may form on 
M «]« cathode contact ring 466 and act to restrict current 
flow. However, increasing the pressure of the bladder 
836 may counteract the cun-ent flow restriction due to 
QxWation. As the pressure is increased, the malleable 
oxide layer is compromised and superior contact 
15 between the cathode contact ring 466 and the substrate 
821 results. The effectiveness of the bladder 836 in this 
capacity may be further improved by altering the geom- 
eto-y of the cathode contact ring 466. For exarmie a 
knife-edge geometry is likely to penetrate the oxide 
BO layer more easily than a dull rounded edge or flat edge 
[00551 Additfonally, the fluid tight seal provided by 
the inflated bladder 836 allows the punp 845 to main- 
tain a backside vacuum or pressure elttier selectively or 
continuously, before, during, and after processing Gen- 

25 erally, however, the punp 845 is run to maintain a vac- 
uum only during the transfer of substrates to and from 
the electroptating process cell 400 because it has been 
found that the bladder 836 is capable of maintaining the 
backside vacuum condition during processing without 
30 continuous pumping. Thus, while inflating the bladder 
836, as described above, the backside vacuum condi- 
tfon IS simultaneously relieved by disengaging the 
pumping system 859, e.g.. by selecting an OFF position 
on the cross^er valve 847. Disengaging the pumping 
35 system 859 may be abrupt or comprise a gradual proc- 
ess whereby the vacuum condition is ranped down 
Ramping allows for a controlled exchange between the 
inflating bladder 836 and the simultaneously deaeasing 
backside vacuum condition. This exchange may be con- 
trolled manually or by computer. 
10056] As described above, continuous backside 
vacuum pumping while the bladder 836 is inflated is not 
needed and may actually cause the substrate 820 to 
buckle or warp leading to undesirable deposition 
« results. It may, however, be desirable to provide a back- 
side pressure to the substrate 820 in oider to cause a 
Twwing" effect of the substiBte to be processed The 

inventors of ttie present Invention have discovered that 
bowing results in superior deposition. Thus, punsino 

50 system 859 is capable Of selectively providing a vacuum 
or pressure condition to the substrate backside For a 
200mrTi wafer a backside pressure up to 5psi is prefera- 
bte to bow the siijstrate. Because substrates typically 
exhibit some measure of pliabilily, a backside pressure 
55 causes the substrate to bow or assume a convex shape 
relative to the upward flow of the electrolyte. The degree 
of bowing is variable according to the pressure supplied 
t>y pumping system 859. 
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[00571 Those skilled in the art will readily recognize 
other embodiments which are contemplated by the 
present invention. Fa example, while Figure 12A shows 
a prelened bladder 836 having a surface area suffeieirt 
to cover a relatively small perimeter portion of the sito- 
strate backside at a diameter substantially equal to the 
cathode conlact ring 466. the bladder assembly 470 
may be geometrically varied. Thus, the bladder assem- 
bly may be constructed using more fluid impervious 
material to cover an increased surface area of the sub- 
strate 821. 

10068] Referring back to Figure 6. a cross secbonal 
view of an electroplating process cell 400. the wafer 
holder assentjiy 450 is positioned above the proce^ krt 
420 The process kit 420 generally compnses a bowl 
430 a container body 472, an anode assembly 474 and 
a titer 476. Preferably, the anode assembly 474 is dis- 
posed betow the container body 472 and attached to a 
lower portion of the container body 472. and the filter 
476 is disposed between the anode assembly 474 and 
the container body 472. The container body 472 is pref- 
erably a cylindrical body comprised of an electrically 
insulative material, such as ceramics, plastics, plex- 
iglass (acrylic), lexane. PVC, CPVC. and PVDF Alter- 
natively, the container body 472 can be made from a 
m^ such as stainless steel, nickel and titanium, 
which* is coated with an insulating layer, such as tef tori. 
PVDF. plastic, rubber and other combinations of maten- 
als that do not dissolve in the electrolyte and can be 
electrically insulated from the electrodes (^.e., the 
anode and cathode of the electroplating system). The 
container body 472 is preferably sized and adapted to 
confomi to the wafer plating surface and the shape of 
the of a wafer being processed through the system, tjflp- 
ically circular or rectangular in shape. One preferred 
embodiment of the container body 472 comprises a 
cyendrical ceramk: tube having an inner diameter that 
has about the same dimension as or slightly larger than 
the wafer diameter. The inventors have discovered that 
the rotational movement typically required in typical 
electroplating systems is not required to achieve uni- 
form plating results when the size of the container body 
conforms to about the size of the wafer plating surface^ 
[0059] An upper portion of the container body 47Z 
extends radially outwardly to form an annular weir 478. 
■me weir 478 extends over the inner wall 446 of the 
electrolyte collector 440 and allows the electrolyte to 
flow into the elertrolyte collector 440. V\e upper surface 
of the weir 478 preferably matches the lower surface of 
the cathode contact ring 466. Preferably, the upper sur- 
face of the weir 478 includes an inner annular flat por- 
tion 480, a middle Mned portion 482 and an outer 
declined portion 484. When a wafer is positioned in the 
processing posrtion. the wafer plating surface is posi- 
tioned above the cylindrical opening of the container 
body 472. and a gap for electrolyte ftow is formed 
between the tower surface of the cathode contact ring 
466 and the upper surface of the weir 47a The lower 



surface of the cathode contact ring 466 is disposed 
above the inner flat portion 480 and the middle inclined 
portion of the vireir 478. Ttie outer decyned portion 484 
is sloped downwardly to facilitate ftow of the electrolyte 
5 into the electrolyte collector 440. 

[0060] A lower portion of the container body 472 
extends radially outwardly to fonn a tower anraJar 
flange 486 for securing the container body 472 to tfw 
bowl 430 The outer dimension {i.e.. circumference) of 
10 the annular flange 486 is smaller than the dimensions of 
the opening 444 and the inner circumference of the 
electrolyte collector 440 to allow removal and replace- 
ment of the process Wl 420 from the etectroplating proc- 
ess cell 400. Preferably, a plurality of bolts 488 are 
j5 fixedly disposed on the annular flange 486 and extend 
downwardly through matching bolt holes on the bowl 
430 A plurality of removable fastener nuts 490 secure 
the process Wt 420 onto the bowl 430. A seal 487, such 
as an elastomer 0-ring. is disposed between container 
20 body 472 and the bowl 430 radially inwardly from ttie 
bolts 488 to prevent leaks from the process kit 420. Ttie 
nutsftjolts combination facilitates fast and easy remora^ 
and replacement of the components of the process kit 
420 during maintenance. 
25 [0061] Preferably, the filter 476 IS attached to and 
completely covers the tower opening of the container 
body 472, and the anode assembly 474 is disposed 
below the filter 476. A spacer 492 is disposed between 
the filter 476 and the anode assembly 474. Preferably. 
30 the f Iter 476. the spacer 492. and the anode assembly 
474 are fastened to a lower surface of the container 
body 472 using removabte fasteners, such as screws 
and/or bolts. Alternatively, the filter 476. the spacer 492, 
and the anode assembly 474 are removably secured to 

35 the bowl 430. 

[0062] The anode assembly 474 preferably com- 
prises a consumable anode that serves as a metel 
source in the electrolyte. Altematively, the anode 
assembly 474 comprises a non-consumable anode, 
40 and the metal to be electroplated is supplied wrthin fte 
electrolyte from the electrolyte replenishing system 600. 
As shown in Figure 6, the anode assembly 474 is a seW- 
enclosed module having a porous anode enctosure494 
preferably made of the same metal as the metal to be 
4s electroplated, such as copper. Alternatively, the anode 
enclosure 494 is made of pwous materials, such as 
ceramics or polymeric membranes. A soluble metel 
496 such as high purity copper for electro-chemrcai 
depiisitton of copper, is disposed within the anode 
50 end«ure 494. The solitote metal 496 pretoably cOT^ 
prises metal particles, wires or a perforated sheet The 
porous anode enclosure 494 also acts as a filter that 
keeps the particulates generated by the dissohmg 
mefal within the anode enclosure 494. As compared to 
55 a non-consumable anode, the consumable (/.e.. solu- 
ble) anode provides gas-generation-free electrolyte and 
minimizes the need to constantly replenish the metal m 
the electrolyte. 
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[00631 An anode electrode contecj 498 is inserted 
into the anode endosure 494 to provide electrical con- 
nerton to the soluble metal 496 ftom a power supply. 
Preferably, the anode electrode contact 498 is made 
from a conductive material that is insoluble in the elec- . 
trolyte. such as titanium, platinum and platinum-coated 
stainless steel. The anode electrode contact 498 
extends through the bowl 430 and is connected to an 
electrical power supply. Preferably, the anode electrical 

contact 498 includes a threaded portion 497 for a fas- « 
tener rwt 499 to secure the anode electrical contact 498 
to the bowl 430. and a seal 495. such as a elastomer 
washer, is disposed between the fastener nut 499 and 
the bowl 430 to present leaks from the process kit 420 
J0064] -me bowl 430 generally comprises a cylindri- is 
cal portion 502 and a bottom portion 504. An upper 
annular flange 506 extends radially outwardly from ihe 
top of the cylindrical portion 502. TTie upper annular 
lange 506 includes a plurality of holes 508 that matches 

486 of tfie container body 472. To secure the upper 
annular flange 506 of the bowl 430 and the tower annu- 
lar flange 486 of the container body 472 the bolts 488 
are inserted through the holes 508. and the fastener 
nute 490 are fastened onto the bolts 488. Preferably, the ss 
outer dimension (i.e.. drcumference) of the upper annu- 
ar flange 506 is about the same as the outer dimension 

°' '""ef annular flange 
486.Preferably. the lower surface of the upper annuter 

ftenge906ofthebowl430restsonasupStfiSeS «, 
he mainframe 214 when the process kH 420 is posi- 
tioned on the mainframe 21 4. 
[0065] The inner circumference of the cylindrical 
portion 502 accommodates the anode assembly 474 
t^?f!?r 476. Preferably the outer dimensions of S5 
the fHter 476 and the anode assembly 474 are slightly 
smaller than the inner dimension of the cylindrical por- 
tion 502 to force a substantial portion of the electrolyte 
to flow through the anode assembly 474 first before 

jTvI^^o"^." "^^ ''°«0"' portion 504 of ^ 

the bowl 430 includes an electrolyte inlet 510 that con- 
nects to an electrolyte supply line from the electrolyte 
replenishing system 220. Preferably, the anode assem- 
bly 474 is disposed about a middte potion of the cylindri- 

electrolyte flow between the anode assembly 474 and 
the ^ectrolyte inlet 510 on the bottom portion 504 
[00661 The electrolyte inlet 510 and the electrolyte 
supply line are preferably connected by a releasable 

wnnectorthatfacilitateseasyremovalandreplacement so 
of the process kit 420. When the process kit 420 needs 
maintenance, the electrolyte is drained from the proc- 
ess kit 420. and the electrolyte flow in the electrolyte 
supply line is discontinued and drained. The connector 
for^the electrolyte supply line is released from the elec- 65 
trohr^e inlet 510. and the electrical connection to the 
anode assembly 474 is also disconnected. The head 
assembly 410 is raised or rotated to provide clearance 



for removal of the process kit 420. The process kit 420 
IS then removed from the mainframe 214. and a new or 
reconditioned process kit is replaced into the mainframe 

[0067] Alternalively. the bowl 430 can be secured 
onto the support flange of the mainframe 214. and the 
container body 472 along with the anode and the filter 
are removed for maintenance. In this case, the nuts 
securing the anode assembly 474 and the container 
body 472 to the bowl 430 are removed to ladlitate 
reniw«l of the anode assembly 474 and the container 
body 472. New or reconditioned anode assembly 474 
and container body 472 are then replaced into the main- 
frame 214 and secured to the bowl 430 
[0068] Figure 16 is a sdiematic diagram of an elec- 
trolyte reptenishing system 600. The electrolyte replen- 

electrolyte tank 602, one or more filter tanks 604 one or 
more source tanks 606. one or more fluid pun^ 608 
The electrolyte reptenishing system600 is connected to 
a controller 610 for controlling the composition of the 
electrolyte and the operation of the electrolyte replen^ 
Khingsystem600. Preferably, the controller 610 is inde- 
pendently operable but integrated with the control 
S^!!r electroplating system platform 200. 

[0069] The electrolyte replenishing system 600 pro- 
vide the electrolyte to the electroplating process cells 
for the electroplating process. The electrolyte replenish- 
ing sy^ 600 as shown in Figure 16 is the same as 
the electrolyte replenishing system 220 as shown in Rg- 
ur^2 and 3. The main electrolyte tank 602 indudes an 
electrolyte supply line 612 that is connected to each of 
the electroplating process cells through one or more 
electrolyte replenishing system 
600 indudes a plurality of source tanks that are con- 
nect^to the main tank 602 to supply the diemicals 
needed for composing the electrolyte. The source tanks 
typically include a deionized water source tank and coo- 
per sulfate source tank for composing the electrolyte 
The detonized water source tank preferably also pro^ 
vides dSKMiized water to the system for deaning the 
system during maintenance. 
[0070] The electrolyte replenishing system 600 also 
includes a plurality of filter tanks 604 connected to the 
main tank 602. Preferably, an electrolyte return line 614 
IS connected between each of the process cells and one 
ormore Hter tanks 604. The filter tanks 604 remove the 
undesired contente in the used electrolyte before return- 
ing the electrolyte to to main tank 602 for re-use The 
main tank 602 is preferably connected to one or more of 
«ie filter tanks 604 to tadlitate re-drculatfon and filtiB. 
ton of the electrolyte in the main tank 602 through to fil- 
ter tanks 604. By recirculating the electrolyte from to 
mam tank 602 through the fitter tanks 604. the unde- 
sired contente in the electrolyte are continuously 
removed by the fitter tanks 604. 

P071] Preferably, to electrolyte reptenishing system 
600 indudes a chenical analyzer 616 that provides real 
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time chemical analysis of the chemical composition of 
the electrolyte. The information from the chemical ara- 
lyzereieisTnputtedtothecontrollereiOwh^^ 
information to provide real time adjustmert of the 
source chemical replenishment rates to maintain con- 5 
start chemical composition of the electrolyte through^ 
Z electroplatinfl process. Additionally, the chem.^ 
analyzer preferably provides an analysis of organic and 
inorganic constituenis of the electrolyte. 
[0072] The electrolyte replenishing system 600 10 
oreferably also mdudes one or more additional tanks lor 
storageof chemicals for wafer cleaning system, sudi as 

the SRD station. The electrolyte replenishing system 
600 also includes an electrolyte vwste drain 620 con- 
Lcted to an electrolyte v^«ste disposal sy^em 622 »o « 

safe disposal of used electrolytes, chemirals and other 
fluids used in the electroplating system. Preferably, the 
electroplaling cells include a direct line connection to 
the electrolyte waste drain or the eledrolyte waste dis- 

posal system to drain the electroplaling cell wrthout 20 
nrturning the electrolyte through the electrohrte repten- 
ishing system 600. The electrolyte replenishing system 
600 pr Jerably also includes a bleed o« connecho" to 
bleed off excess electrolyte to the electrolyte ««sle 
drain. Optionally, the electrolyte replenishing system » 
600 includes connections to additional or external e^- 
trolyte processing system to provide ^f^^ 
lyte supplies to the electroplating system. PfferaWy. 
the electrolyte replenishing system 600 M^f^^ 
We^ntained piping for hazardous material connec- so 

to provWe safe transport of the chemicals 
throughout the system. The electrolyte replenishing 
syslOT 600 preferably cortrols the temperahire of the 
etectrolyte through a heat exchanger 624 or a 
heater/chiller disposed in thermal connecbonwrth the 35 

main tank. The heat exchanger 624 is connected to and 
operated by the controller 610. 
rooTSi Figure 17 is a cross sectional view of a rapid 
thermal anneal chamber according to the invention. The 
rapWthem«l anneal (RTA) Chamber 211. spreferabty <o 

connected to the loading station 210. and sutetrat^ 
are transferred into and out of the RTA charrber 211 by 
the loading station transfer robot 228. The ^ectroplajng 

system, as shown in Figures 2 and 3. preferably com- 
jS^iwom-A chancers 211 disposed on oppos|ng « 

sides of the loading station 210. <^'^^"^l^. 
symmetric design of the loading station 210. -memia^ 
anneal process chambers are generaHy well Known n 
the art and rapid thermal anneal chambers are typically 
utilized in substrate processing systems tof^ance the so 
properties of the deposited materials. The invention 
contemplates utilizingavariety of thermal anneal ch^^^ 

ber designs, including hot plate designs and h^ laitp 
designs, to enhance the electroplating resuitt One par- 
SSIr thermal anneal Chamber useful for the presort « 
iwention is the WxZ chanter available from Applied 
Si. ina. located in Santa Clara. »^ 
Although the invention is desaibed using a hot plate 



rapid themial anneal chamber, the invention contem- 
plates application of other thermal anneal chambers as 

well. 

100741 The RTA chamber 21 1 generally compris^ 
In enclosure 902. a heater plate 904. a heater 907 and 
a plurality of substrate support pins 906. The enclosure 
Z includes a base 908. a sidewall 910 and a top 9^ 
Preferably, a cokJ plate 913 is disposed below the top 
912 of the enclosure. Alternatively, the cold plate is inte- 
grally termed as part of the top 912 of the enclosure. 
Preferably, a reflector insulator dish 914 is disp<»ed 
Zie the endosure 902 on the base 908. The ref ector 
insulator dish 91 4 is typically made from a materf Isud^ 
as quartz, alumina, or other material that can withstand 
hrh tSieratures(/.e., greater than about »0-C) and 
art as a themial Insulator between the heater 907 and 
the enclosure 902. The dish 914 -^y/f^^e ooa^ 
with a reflective material, such as gold, to direct heat 
back to the heater plate 906. 
[00751 The heater plate 904 preferably has a la^e 

mass compared to the substrate being processed in the 
system and is preferably fabricatedfromamaena^sudh 

jTsilicon carbide, quartz, or "^^^^^J^T^ 
react with any anient gases in the RTA chambe 211 
the Sbstrate material. The heater 907 typ^ly 
comprises a resistive heating element^or a conduc- 
«ve/radiant heat souroe and is disposed between ttie 
heated plate 906 and the reflector insulator dish 914^ 
The heater 907 is connected to a power source 916 
iLi supplies the energy needed to heat the h^ter 
907. Preferably, a thermocouple 920 is disposed ir. a 
conduit 922. disposed through the base 908 and dish 
"Vandex^endtirto the heater plate 904. The thermo- 

oouljle 920 is connected to a cortrofler (/.e.. the system 
Roller described below) and supplies temj^rajire 
measuremerts to the cortroller. ^he co"trolte'^;^, 
increases or decreases the heat supplied by the heater 
907 according to the temperature measurements and 
the desired anneal temperature. , „ 

r00761 The enclosure 902 preferably includes a 
Eooling men*er 918 disposed outside of the enclosure 
S in thermal contact with the sWewall 910 to cooTttte 
enclosure 902. Alternatively, one a more cooling <*«ri- 
nXt sh»m) are form«1 within the sidewaH91 0 to 
control the temperature of the enclosure J^^" 
plate 913 disposed on the inside surface of the top 912 
cools a substrate that is positioned in dose proximity to 

"^^Thrm-A chamber 211 includes a slrt valve 
hz dfeposed on the sidewall 910 of the enclosure 902 
tor fadliteting transfers of substrates into and out of the 
RTA diantoer. The slit valve 922 selectively seate^ 
opening 924 on the sidewall 910 of the endtosure that 
^ Jnicates with the loading station 210. T^loading 
station transfer robot 228 (see Figure 2) trar«fere si*h 
^tes into and out of the RTA chamber through the 

SS?*?he substrate support pins 906 preferably 
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compnse distally tapered members cor«tructed frwn 
quartz, aluminum oxide, silicon carbide, or other high 

"^^""^ E^''^' ^"bstrate support 
P»i 906 .8 disposed within a tubular conduit 926, prefer- 
abV made of a heat and oxidation resistant material 
tl^at extends through the heater plate 904. 
stTBte support pins 906 are connected to a lift plate 928 
for moving the substmte siwort pins 906 in a unifomi 
m^r. The m plate 928 is attached to an to an acST 
tw 930, such as a stepper motor, through a lift shaft 932 

^""T' *° "^"^^ positioning a 

substrate at various vertical positions within the RTA 

^^iJTT ^ ^ 

ftenn?<Si H '^'^ 902 and is sealed ly a sealing 
flange 934 disposed around the shaft 

^^LJll^^ RTA chamber 

21 1, the sirt valve 922 is opened, and the loading station 
trar^er robot 228 extends its robot blade havi^ ^ 
iSem^!^ «;e'eon though me openlngl24 into 
iJ^ Wade of the loading station 

chamber above the heater plate 904. and the substrate 
support pins 906 are extended upwards to m the™ 
^rate above the robot blade. The robot blade 
redacts out of the RTA chamber, and the slit 
closes ttie opening. The substrate support pins 906 are 

LlYf to a desir^dis! 

tence from the heater plate 904. Optionally, the sub- 
sftate support pins 906 may retract fully to place the 
substrate in direct contact with the heater plate 

f Sh.H^'!!''""^' ' ^ disposed 

through the sidewall 9,0 of the enclosure 902 to all.^ 

I^SI ^ °" ™ 21 1 during the 

annej treatment process. The gas inlet 936 is con- 

trSS™S<f,^'f!:^'^^'''^°"9'^«^'^940forcon. 
trolling ttie flow of the gas into the RTA chamber 21 1 A 
gas outlet 942 is preferably disposed at a lower portion 
of the sidewall 910 of the enclosure 902 to exhaust the 
to'^TM":^^ preferablyt;„"JL 
to^ieffcheck valve 944 to prevent bacK^reaming of 
tfmosphere from outside of the chamber. Optionally 
Je gas outlet 942 is connected to a vacuum punp (ni 
shoMi) to exhaust the RTA chamber to a d«ired vac- 
uum level during an anneal treatment 
f0081] According to the invention, a substrate is 
annealed in the RTA chamber 211 after the sJbs^te 

StL^nSSS^f «'«*°P'ating cell and 
deaned in the SRD station. Preferably, the RTA cham- 
ber 21 1 IS maintained at about atmospheric pressure 
and the oxygen content inside the RTA chamber 211 i^ 
oonjoned to less than aboutlOOppmduringthe^^ 

comprises nitrogen (Na) or 
hydrogen (Hg). and the ambient gas flow into the RTA 

T^niT '''™'"»«'"«'«'9^««terthan20IHer8Anm 
to control the oxygen content to less thanlOO ppm. The 

electroplated substrate is preferably annealedS^ tem! 
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perature between about 200 »C and about 450»C for 

LtJI^ "^I!;!^ '"^ 3° mora 

preferably, between about 250 -C and about 400«C for 

. »J!!!f " ^ """^^ ^ 5 Rapid thermal 

5 anrwal processing typically requires a temperature 
■ncraase of at least 50»C per second. To proSdf !!,e 
required rate of temperature Increase for the substrate 
during ttie anneal treatment, the heater plate is prefera- 

^ '^'^^^ P'^^'^^y positioned at 
!^ir!^ ° "'"•^^"S heater plate) 

and about 20 mm from the heater plate for tt,e duratton 
Of the ^neal treatment process. Preferably, a control 
system 222 controls the operation of the R^^ chamb^ 
" m«l;'^llf' 1t»^'™"8 ^ ''^^ ^-^iem environ- 
h^er p£e. ''^'^"^^ 

S .h ^^"^ P"*** com- 

P^eted. the substrate support pins 906 lift the substrate 
toap«rt„«tolransferoutof.theRTAchambr2n 
The sW j«hre 922 opens, and ttie robot blade of the 
to^ng stabon transfer robot 228 is extended into the 
e K f!f ^""^ Posftfoned below the substrate. The 
substete support pms 906 retract to lower ttie substrate 

r^fooo ^ ^ '"""ing station transfer 

robot 228 ttien transfers the processed substrate into 
me Odette 232 for removal out of the electroplat^ 
processing system, (see Figure 2 and 3) 
30 10083] Referring backtoFigure2. the electroDlatina 
system platform 200 Includes a control system 22Y!2 

fomi. Preferably. tt,e control system 222 is mounted 
SB S^^^JI^ ''™^'*°'^=°^'^««P^°8^amma- 

B typ caMy programmed using a software designed soe- 
cifically for controlling all components of tt.e electropterti 
mgsystem platform 200. The control system 222^ 

40 Sr^^"'^^''»*«'*°'^««Vonentsoftt,esys- 
""^P^"^ 223 that allows an 
^^TT^ electroplating sys- 

tem ptefom, 200. The control panel 223. 7s shcLTn 
Figure 2. is a stand^one modute that is conned S 
the control system 222 through a cable and provides 
Generally, the corSolsys- 

ton 210 the RTA chamber 211. tt,e SRD stati J212 
J»n«,njame 214 and ttie processing stations 218.' 
Addrtional y. the control system 222 coordinates with 
« JecontrollerofttieelectrolytereplenishingsystemSS 
fOOB4] The following is a description of a typical 

I'ectrapteting system plattomi 200 as Shown in Figure 

toaded^mto ttie wafer cassette receiving areas 224 in 
«ie loading station 210 of the electroplating system plat- 
form 200. A loading station transfer rSbotls^ ?a 
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wafer from a wafer slot in the wafer cassette and places 
the waferin the wafer orientor 230. The wafer or.entor 
230 determines and orients the wafer to a desired orien- 
tation for processing through the system. The loading 
station transfer robot 228 then transfers the oriented s 
wafer from the wafer orientor 230 and positons the 
wafer in one of the wafer slots in the wafer pass-through 
cassette 238 in the SRD station 212. The mainframe 
transfer robot 242 picks up the wafer from the wafer 
pass-through cassette 238 and positions the wrafer for w 
transfer by the flipper robot 248. The f fpper robot 248 
rotates its robot blade below the wafer and picks up 
waferfrom mainframe transfer robot Wade. The vacuum 
suction gripper on the flipper robot Wade secures the 
wafer on the fBpper robot Wade, and the flipper robot is 
flips the wafer from a face up position to a face down 
position. The flipper robot 248 rotates and positons *ie 
wafer face down in the wafer holder assemWy 450. The 
wafer is positioned below the wafer holder 464 but 
above the cathode contact ring 466. The flipper robot 20 
248 then releases the wafer to position the wafer into 
the cathode contact ring 466. The wafer holder 464 
moves toward the wafer and the vacuum chuck secures 
the wafer on the wafer holder 464. The Wadder assem- 
Wy 470 on the wafer holder assemWy 450 exerts pres- as 
sure against the wafer backside to ensure electrical 
contact between the wafer plating surface and the cath- 
ode contact ring 466. 

10085] The head assemWy 452 is lowered to a 
processing posHion above the process kit 420. At this so 

position the wafer is below the upper plane of the weir 
478 and contacts the electrolyte contained in the proc- 
ess kit 420. The power supply is activated to supply 
electrical power (/.e, voltage and cun-ent) to the cath- 
odeandtheanodetoenaWetheelectroplatingprocere. as 

The electrolyte is typically continually pumped into the 
process kit during the electroplating process. The elec- 
trical power supplied to the cathode and the anode and 
the flow of the electrolyte are controlled by the control 
system 222 to achieve the desired electroplating 40 

results. , ^ 

[00861 After the electroplating process is com- 
pleted, the head assembly 410 raises the wafer holder 
assemWy and removes the wafer from the electrolyte. 
■n,e vacuum chuck and the Wadder assembly of the 4S 
wafer holder release the wafer from the wafer holder, 
and the wafer holder is raised to allow the flipper rdbot 
blade to pick up the processed wafer from the cathode 

contact ring. The flipper robot rotates the flipper robot 
Wade abow the backside of the processed wafer in the so 

cathode contact ring and pteks up the wafer using the 
vacuum suctton gripper on the flipper robot blada The 
flipper robot rotates the flipper robot Wade with the 
wafer out of the wafer holder assemWy. fBps the wafer 

from a face-down position to a face-up position, and ss 
positions the wafer on the mainframe transfer robrt 
Wade The mainframe transfer robot then transfers and 
positions the processed wafer above the SRD module 



236 The SRD wafer support lifts the wafer, and the 
mainframe transfer robot Wade retracts away 
SRD module 236. The wafer is cleaned m the SRD 
modute using detonized water or a coniwiation of 
deionized water and a cleaning fluid as descnbed in 
detaU above. The wafer is then posrtioned for transfer 
out of the SRD module. The toading station transfer 
robot 228 picks H) the wafer from the SRD module 236 
and transfers the processed wafer into the RTA cham- 
ber 21 1 for an anneal treatment process to enhance the 
properties of the deposited materials. The annealed 
wafer is then transfeired out of the RTA chamber 21 1 by 
the kMding statkm robot 228 and placed back into the 
wafer cassette for removal from the electroplating sys- 
tem The above<Jesaibed sequence can be can-ied out 
for a plurality of wafers substantially simultaneously in 
the electroplating system platform 200 of the present 
irwention. Also, the electroplating system according to 
the invention can be adapted to provide multi-stack 
wafer processing. 

[0087] White the foregoing is directed to the pre- 
ferred en*odiment of the present invention, other and 
further embodiments of the invention may be devised 
without departing from the basic scope thereol The 
scope of the invention is determined by the claims 
which follow. 



aaims 

1. An electro-chemical deposition system, compris- 
ing: 

a) a mainframe having a mainframe wafer 
transfer robot; 

b) a loading station disposed in connection with 
the mainframe; . 

c) one or more processing cells disposed in 
connection with the mainframe; 

d) an etectrolyte supply fluidly connected to the 
one or more electrical processing cells: 

e) a spin-rinse-dry (SRD) chamber disposed 
between the loading statton and the main- 
frame; and ^ ^. . 

f) a thermal anneal chamber disposed adiacent 
the ioaifing station. 

2 The system of daim 1 wfherein the thermal anneal 
chancer comprises a rapid thermal anneal cham- 
ber having a heater plate. 

3 The system of daim 2 wherein the heater plate 
oon^ises an atmospheric pressure heater plate. 

4. The system of daim 1. further comprising: 

e) a system oorrtrolter adapted to control oper- 
ations of one or more componente of the etec- 
tro-chemical deposition system. 
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The system of claim 4, wherein the thermal anneal 
chamber further comprises a gas inlet adapted to 
introduce one or more gases into the thermal 
anneal chamber. 



The system of claim 5 wherein the system control- 
ler controls the gas inlet to the chamber to provide 
a chamber environment having an oxygen content 
of less than 100 parts per million. 

The system of claim 6 wherein the gas inlet is con- 
nected to a nitrogen gas source to introduce nitro- 
gen into the chamber. 

The system of claim 6 wherein the gas Inlet is con- 
nected to a nitrogen gas source and a hydrogen 
gas source to introduce nitrogen and hydrogen into 
the chamber, wherein the hydrogen content is 
maintained at less than about 4%. 

9. The system of claim 1 wherein the loading station 
comprises: 

0 one or more wafer cassette receiving areas; 
II) one or more loading station wafer transfer 
robots for transferring a wafer between the 
loading station and the SRD station and 
between the loading station and the thermal 
anneal chamber; and 
iii)awaferorientor. 
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